Abstract : A lot of applications of sensor networks require the positions of human and objects in indoor environments. There are some methods for this purpose. In this paper, we use received signal strength (RSS) to estimate the position for its simplicity. However, RSS varies substantially owing to fading, shadowing, multipath effects and so on. Attenuation coefficient varies according to indoor environment. For this reason, the attenuation coefficient is determined before estimating the position of a target node in the conventional method. We propose a position estimation method that estimates a target node position and an attenuation coefficient simultaneously. Thus, the proposed method has no need to estimate the attenuation coefficient in the target environment preliminarily. To evaluate the position estimation accuracy of the proposed method, we developed the prototype system and experimented in our office. Multiple fixed target nodes were set in the target environments. The experiments show that the proposed method has about the same accuracy as the conventional one without preliminary data collection for attenuation coefficient estimation.
Introduction
Location sensing technology is very important for an infrastructure of a ubiquitous computing environment. Outdoor location sensing technology such as GPS is already developed and widely used. For indoor location sensing, there are several technologies, however they are not widely used currently [1] . Some methods to estimate the position of a target node have been developed [2] , [3] . The first method uses time of arrival (TOA) or time difference of arrival (TDOA). The second method uses angle of arrival (AOA). The third method uses received signal strength (RSS). Compared to TOA and AOA, RSS is attractive for practical realization, because of the simplicity of its implementation. Despite its simplicity, however, practical application of RSS to radiolocation has been limited due to the intrinsically low ranging accuracy of classical multilateration systems [4] . Some commercial systems are already released such as Ekahau Positioning Engine [5] , AeroSouct [6] , and AirLocation [7] . These systems are based on Wireless LAN. In this paper, we focus on RSS that can be captured without special equipment. In the conventional method, when a target node position is estimated in indoor using RSS, at first, the RSS value is collected in two or more places whose distance between the transmit point and the received point is known in the target environment. Then the attenuation coefficient is estimated using the collected RSS values by the least squares method (LS). The target node position is estimated with the attenuation coefficient [8] . However, in indoor environment, the attenuation coefficient is changed with movement of people, existence of a thing, and so on. In this paper, we propose the position estimation method using RSS that does not need preliminary data collection for attenuation coefficient estimation. The proposed method estimates the target node position and the attenuation coefficient alternately. In other word, the proposed method estimates attenuation coefficient for each target node. To evaluate the position estimation accuracy of the proposed method, we developed the prototype system and experimented in our office. Multiple fixed target nodes were set in the target environments. The experiments show that the proposed method has about the same accuracy as the conventional one without preliminary data collection for attenuation coefficient estimation.
Proposed Position Estimation Method
The relation between the path loss of a 2.4 GHz band and the transmission distance is expressed as the following formula [9] .
(1) 
P r = 10 log 10 (P).
From (1)(2)(3)(4)
It is known that electric power change of Rayleigh fading follows p(x) = λe −λx by exponential distribution [10] . The expected value of an exponential distribution is 1/λ and the distance between the transmitted point and the received point is set JCMSI 0003/08/0103-0251 c 2008 SICE to d.
The target node position is estimated according to the following procedure.
STEP1: Give a provisional attenuation coefficient. STEP2: When the log likelihood function is expressed as a function of λ, the value of λ that gives the maximum of the log likelihood function is calculated. However, from (6), since λ is the function of d, it must give the coordinates for calculating d. For this reason, the target area, where the target nodes exist, is divided into grid. The log likelihood function when the target nodes are assumed to be at each intersection is calculated, and the coordinates of the intersection at which the log likelihood function takes the maximum are searched for.
m: number of intersections λ i : value of λ at the received point i P i : value of RS S from the target node at the received point i The unit of S i is dBm.
STEP3: Calculate the value of the attenuation coefficient that gives the minimum value of the following evaluation function. : theoretical RS S value at the received point i
The provisional coordinates are the result of STEP2. X tmp : provisional x-coordinate Y tmp : provisional y-coordinate (Distance is calculated with 2-dimensional coordinates)
STEP4: When the value of the attenuation coefficient calculated by STEP3 and the value of the tentative attenuation coefficient set up by STEP1 are in agreement, the coordinates searched for by STEP2 is set to the estimated position of a target node. When the termination condition is not satisfied, the above-mentioned processing is repeated. Before repeating, the result of STEP3 is set to the tentative attenuation coefficient of STEP1. Originally, the termination condition is that the value of the evaluation function becomes 0 or close to 0. In this paper, to reduce computational complexity, the termination condition is that the difference of the tentative attenuation coefficient and the attenuation coefficient of STEP3 becomes 0 or close to 0.
Experiment with a Prototype System

Prototype system
We developed a prototype system to evaluate the proposed method. The procedure to estimate the target nodes is the following. Figure 1 shows our experimental PC.
(1) Import a floor map to the prototype system. (2) Input scale of the map. (3) Set a received point on the system. Then a user moves to the actual point to capture RSS values transmitted from the target nodes [11] . (4) The captured values are recorded in the system. (5) The target node position is estimated by the proposed method. 
Experiment
We executed the positional estimation experiment in the office spaces in two different buildings.
Experimental conditions
We experimented in our office where desks, chairs, and so on, exist. The ceiling of this room is a chalk wall, the pillar is reinforced concrete, and all sides are chalk wall. The window side is full-height glazing Fig.2 shows the target node of our experiments. (1) Experiment 1 Figure 5 shows the result of the Experiment 1. Table 1 Figure 6 shows the result of the Experiment 2. Table 2 
Discussion
Effect of Grid Interval on Estimated Position Accuracy
The grid interval might affect the accuracy of the estimated position of the proposed method. Figures 7 and 8 show the effect of the grid interval. In case of grid interval less than 0.75 m, the estimated position's accuracy does not change. However, in case of grid interval more than 1 m the estimated position's accuracy changes. 0.75 m is about 1/10 of distance between received points. On the other hand, Figs.9 and 10 show that the grid interval does not affect the estimation accuracy of the attenuation coefficient. The estimated attenuation coefficient does not change. However, the value is different at each target node. According to our experiments, the grid interval should be less than 1/10 of distance between received points. 
Comparison of the Proposed Method and the Conventional Method
We compare the position estimation accuracy of the proposed method to that of the conventional method. In the conventional method, at first, we have to collect data to estimate an attenuation coefficient. Then the position of the target node is estimated using the estimated attenuation coefficient. When the position of the target node is estimated by the conventional method, the value of an attenuation coefficient of the target environment is 2.25 in case of Experiment 1 and 2.65 in case of Experiment 2. These values are calculated by using the least square method from RSS at the received point and the distance between the transmitted and received points. Tables 5 and 6 list the position error of the conventional method. Tables 3  and 4 list comparison of position error of the proposed method and the conventional method. According to Tables 3 and 4 , the proposed method can achieve almost the same accuracy of estimated position as the conventional method. Tables 7 and  8 show the difference of estimated attenuation coefficients between the conventional method and the proposed method when the grid interval is 0.5 m. The proposed method can achieve almost the same accuracy of estimated attenuation coefficient as the conventional method. We think that if the accuracy of estimated attenuation coefficient improves, the accuracy of estimated position of the target node improves.
We think that the reason why the position estimation accuracy of the result of Experiment 1 is better than that of Experiment 2 is there is line of sight between all the target nodes and the received points in Experiment 1.
Conclusion
In this paper, we proposed the position estimation method using RSS. Our proposed method does not need to collect data to estimate the attenuation coefficient of the target environment. It is shown that the proposed method obtains the same position estimation accuracy as the conventional method by the experiments. In addition, the proposed method estimates not only the position of the target node but also the attenuation coefficient of the target environment. Therefore, we think that there is a possibility that deterioration in the position estimation accuracy of the target node is suppressed even if the value of attenuation coefficient of the target environment changes.
